
























We present an idea for creation of a crystalline undulator and report its first
realization.Onefaceofasiliconcrystalwasgivenperiodicmicro-scratches(trenches)by
meansofadiamondblade.TheX-raytestsofthecrystaldeformationduetogivenperiodic
pattern of surface scratches have shown that a sinusoidal shape isobserved on both the
scratched surface and the opposite (unscratched) face of the crystal, that is, a periodic
sinusoidaldeformationgoesthroughthebulkofthecrystal.Thisopensupthepossibility











Thewavelength λ of a photon emitted in an undulator is in proportion to the undulator
period L and in inverse proportion to the square of the particle Lorentz factor γ. The
minimal period L achieved presently with the electromagnetic undulators is limited to
severalmillimeters [1],with respective restriction on the photon energy in the order of
ʄȦ=2ʌʄȖ2c/L.Thecrystallineundulators(CU)withperiodicallydeformedcrystallographic
planes offer huge electromagnetic fields and could provide a quite short periodL of an
undulatorinsub-millimeterrange.Thiswayonecanalsoarrangeforsubstantialamplitudes
A of oscillation for the particles channeled through the undulator and thus increase the
intensityoftheradiation.





With a strongworld-wide attention to novel sources of radiation, there has been
broadtheoreticalinteresttocompactcrystallineundulators,withsomeapproachescovering









inRef. [13].Another recentlydiscussed idea [14] is toprovokeperiodical strains in the
crystalbycovering itssurfaceby thinnarrowperiodicallyplacedstripsofGexSi1-xgrown
ontoaSisubstrate.Howevertheseideasarestillpendingrealization.
Inbent crystal channeling experiments at IHEPProtvinowith70-GeVprotons, it
wasfoundthataccidentalmicro-scratchesonacrystalsurfacecausedadeformationofthe
crystallographicplanestosubstantialdepths,downtoafewhundredmicronsasdepictedin




planes. Therefore, this effect could be profitably used for creation ofCU bymaking a
periodicseriesofmicrotrenchesonthecrystalsurfaceasshownonFig.1(b).
For the firstexperimentalproofof themethod,aspecialdiamondbladescratched
onefaceofasiliconplatebyasetofparalleltrenches(grooves).Asamplewithdimensions
of50x17x0.48mm3wasprepared fromcommercial siliconwafer.The largepolished
facesofthesamplewereparalleltocrystallographicplanes(001),otherfaceswereparallel
toplanes (011)and (01 -1).Ononeof the large facesof thesample,16grooveswere
madewithaperiodof1mmalongthe50mmedge.Thegrooveshad100µmwidthandthe
samedepth.




by the tube anodewere collimated into a beam of 2mm height and 40 µmwidth and
incidentontothesurfaceofasamplepositionedonatablethatcouldbetranslatedwiththe
accuracyofabout1µm.Thetablewasmountedontherotationaxisofastandardtheodolit
ensuring the angular accuracy of 1 arcsec.ANaI counterwithwide acceptancewindow
detectedthediffractedradiation.ThecountrateofdiffractedX-rayquantaismaximalunder
Braggcondition,achievedbyrotationofthesample.
Two parameters were measured for each X-ray beam position: - intensity of








readingswas a fraction of arcsec. The change in the second parameter along x-axis is
completelyduetothechangeintheorientationofcrystallographicplanes.Sensitivityofthis
parametertoplaneorientationwasonthelevelof2arcsecinourmeasurements.
Fig.3 (a, b) shows themeasured intensities and angles as functions of the beam
incidencepositionatthesurfacewithgrooves.Onecanseethattheangulardeformationsof









As proven by the present experimental study, it is feasible to manufacture a
crystallineundulatorforchannelingofradiatingparticleswithasub-millimeterperiodand
with the amplitude of channel oscillations in the order of 50Å,which is the range of
parametersofmost interestforanovelradiationsource[10-12].Basedon thissuccess,an

















Application of Charged Particle Beams for Studying the Composition and Properties of
Materials,MoscowStateUniversity,1979,p.28.
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